Although it is generally accepted that endometriosis is responsible for dysmenorrhea, as well as other symptoms such as infertility, the precise relationship between the severity of dysmenorrhea and various characteristics of disease, such as stage and the type or site of endometriotic lesions, has been elusive and often a matter of heated debate, owing largely to conflicting reports. Here we review factors that are reported to be associated with dysmenorrhea in endometriosis. We also demonstrate, through a real example, that different statistical models employed in data analyses may yield somewhat different sets of risk factors, and the difference may not be always resolved within the same data set. In addition, we make the point that despite the best-fitting models, there may still be a sizable portion of variation in the severity of dysmenorrhea that can not be explained completely by the identified risk factors, suggesting that factors other than those of surgical findings or patient characteristics may also be responsible for dysmenorrhea severity. We review some possible factors that may also be responsible for the risk and severity of dysmenorrhea. Finally, we expose areas in need of further research.
Dysmenorrhea refers to severe and disabling uterine pain during menstruation and reportedly affects 40-70% of women of reproductive age [1] [2] [3] [4] . Historically, dysmenorrhea has been categorized into two types: primary and secondary dysmenorrhea. The latter is diagnosed when symptoms are attributable to an underlying disease/disorder such as endometriosis, or a structural abnormality either within or outside the uterus, and the former is diagnosed when none of these are detected. While many women experience minor discomfort or pain during menstruation, dysmenorrhea is diagnosed when the pain is so severe as to interfere with normal activities, or to require medical attention. In women of reproductive age, dysmenorrhea appears to be the most prevalent pain among all chronic pelvic pains [5] , which are primary and secondary indications for approximately half of all gynecologic laparoscopies [6] . A community-based survey of women in the UK found that 81% of women with chronic pelvic pain have dysmenorrhea [2] . Known risk factors for dysmenorrhea include: younger age (<30 years), being thin (BMI <20), smoking, early menarche (<12 years), longer cycles/duration of bleeding, irregular or heavy menstrual flow, presence of premenstrual symptoms, clinically suspected pelvic inflammatory disease, sterilization and history of sexual assault [7] . The most common cause of secondary dysmenorrhea is endometriosis [8] , which is also the most prevalent diagnosis associated with pelvic pain symptoms [9] [10] [11] .
The link between dysmenorrhea and endometriosis also owes to the fact that the three common pharmacological modalities for treating endometriosis, specifically, gonadotropinreleasing hormone agonists, progesterones and androgenic agents, all suppress implant size [12] and alleviate, more or less, the pain associated with endometriosis [13, 14] . Hence, it is logical to postulate that pelvic pain, including dysmenorrhea, may be attributed to the presence of endometrial implants.
However, even though it is generally accepted that endometriosis is causally associated with dysmenorrhea, as well as other symptoms such as infertility [15] , the delineation of the exact relationship between the severity of dysmenorrhea and various characteristics of disease, such as stage and the type, site or histology of endometriotic lesions, has been tenuous and often a matter of conflicting reports [16, 17] . Indeed, several studies failed to find any relationship between characteristics of endometriotic lesions and pelvic pain symptoms [18] [19] [20] [21] . Yet perhaps the most unsettling of all is a recent finding that in women receiving a second surgery for the return of pain, biopsy-proven endometriosis is not associated with the return of pain [22] .
Controversies and conflicting reports are certainly not restricted to studies on the relationship between dysmenorrhea and various characteristics of endometriosis. Many factors could potentially contribute to the heterogeneous findings.
These include, but are not limited to, type of the study (prospective vs retrospective); indication for surgery (infertility, pain or pelvic mass); type of endometriosis; how the pain is evaluated; and genuine heterogeneity among different patient populations, which could be amplified in retrospective studies. Data analytic methodology or different statistical models may also be responsible. Even sample size and year of publication may have an influence [10] .
In this paper, we provide an overview of the factors reported to be associated with dysmenorrhea in endometriosis. Through a real example, we show that different statistical models employed in data analyses may yield different sets of risk factors, and the difference is not always resolved within the same data set. In addition, despite the best-fitting models, there is still a sizable portion of variation in the severity of dysmenorrhea that can not be explained completely by the identified risk factors. This suggests that factors, other than those of surgical findings or patient characteristics, may also be responsible for the risk and severity of dysmenorrhea. Several possible factors that may also be responsible for determining the severity are discussed, in addition to stating areas that require further research.
Factors associated with the severity of dysmernorrhea in women with endometriosis
We performed a thorough search of the Pubmed database using the keywords dysmenorrhea, endometriosis, risk factors, severity and epidemiology, to retrieve papers on factors associated with the severity of dysmenorrhea in women with endometriosis. The results were summarized in Table 1 .
One factor that has been examined frequently in relation to the severity of dysmenorrhea is the revised American Fertility Society (rAFS) stage, yet the verdict is far from unanimous (Table 1) . For example, while rAFS stage was found to be associated with the severity of dysmenorrhea by Muzii et al. [21] , Momoeda et al. [23] and Chopin et al. [24] , some other authors did not find such a correlation [18, 20, [25] [26] [27] [28] [29] . Milingos et al. and Chapron et al. found that higher rAFS scores, instead of rAFS stage, are a risk factor [24, 30] .
Similarly, for specific characteristics of endometriotic lesions, it appears that there is no consensus as to which characteristics are closely related with the severity of dysmenorrhea (Table 1 ). Adhesion was reported by some to be associated with dysmenorrhea severity [11, 27, 28] , but a larger study by Liu et al. did not find such an association [26] . This may appear a bit surprising since adhesion often entails the growth of sensory nerve fibers [31, 32] , leading to pain. It is possible that the discrepancy may be due to the subtype that Liu et al. investigated, specifically, ovarian endometriomas, which have been reported not to contain nerve fibers [33] .
There is accumulating evidence to suggest that deep infiltrating endometriosis (DIE) is strongly associated with dysmenorrhea. Several studies reported that the depth of infiltration is associated with the dysmenorrhea severity [25, 34] , especially rectal infiltration [24, 27] . This association appears to be corroborated by meticulous investigations of the distribution of nerve fibers and/or their marker, NGF, expression in endometriosis, demonstrating that the implants that penetrate the wall of adjacent organs have closer relationships with nerve fibers than those that do not [35, 36] . It is unclear whether the presence of DIE can account for most of the variation in dysmenorrhea severity.
The recent finding by Liu et al. that the presence of adenomyosis is a strong and consistent risk factor for the severity of dysmenorrhea is worth commenting on [26] . Given that the prevalence of adenomyosis is as high as 90% in women with endometriosis under the age of 36 years [37, 38] and that dysmenorrhea is one of chief complaints among women with adenomyosis [39] , the finding appears to have uncovered something obvious that so far has been overlooked, and is in line with a recent report that patients with a history of prolonged dysmenorrhea are very likely to have adenomyosis [40] . Indeed, endometriotic lesions tend to be more severe in the posterior wall of the uterus, which would easily adhere to the rectum and infiltrate into the sacral nerve plexus, resulting in exacerbated dysmenorrhea [37] . Even after surgery, the persistence of dysmenorrhea and chronic pelvic pain has been suggested to be indicative of adenomyosis [41] . Alternatively, the welldocumented uterine hyperperistalsis and dysperistalsis in women with endometriosis could easily result in increased uterine contractions and/or vasoconstriction, leading to dysmenorrhea [42] .
There are some other isolated reports demonstrating factors that are associated with the severity of dysmenorrhea. For example, Perper et al. found that the total number of ectopic endometrial implants is associated directly with the intensity of dysmenorrhea experienced after examining the number, type and location of endometrial implants when these factors were evaluated during laparoscopy [43] . From Table 1 we can see that there is no apparent consensus regarding which factors are associated with the severity of dysmenorrhea.
There are many reasons for discrepant findings. Heterogeneity in patient population owing to the tertiary nature of the hospital, bias in referral, composition of the patient population (e.g., different proportion of disease severity), or type of endometriosis is an obvious factor. A less appreciated factor is the statistical methodology used in data analyses (see below).
Methodological issues
Conceivably, there are many potential factors that may determine the risk or severity of dysmenorrhea. Evaluation of just a single factor at a time often entails the risk of bias and confounding and, thus, spurious findings, particularly when data are collected retrospectively. Despite the obvious advantage of controlling for confounding, not all published studies used multivariate statistical methodology, as can be seen from Table 1 .
For many studies that did use multivariate statistical methods, such as logistic regression [27, 44] , a subtle, less appreciated, yet no less important point is that, for the data at hand, it is often the case that several statistical models, which often entail different assumptions and could lead to not-so-congruent results, fit the data equally well and in many cases it may be challenging to determine which is the best-fitting model.
To see this point, we use the data published recently by Liu et al. [26] . Liu et al. included 850 consecutive patients with ovarian endometrioma undergoing surgery at a tertiary hospital [26] . Among the 850 patients, 110 were lost to follow-up, leaving 710 who were available for analysis. Of these 710 patients, 376 (53%) complained of dysmenorrhea, with 245 (65.2%), 107 (28.5%) and 24 (6.4%) being mild, moderate and severe, respectively.
For each patient, information was collected, with the use of medical charts and interviews, on demographics; age at surgery; age at menarche; BMI at surgery; pelvic exams and results; type of surgery; mode of surgery (conservative or semiradical); complaint of dysmenorrhea or not; duration and severity of dysmenorrhea; number of induced abortions prior to surgery if applicable; presence of adenomyosis or not; previous use of endometriosis-related medication or not prior to the surgery; previous endometriosis-related surgeries; laterality of endometrioma; size of the largest endometrioma; presence of adhesion or not; rAFS scores and stage; postoperative use of medication or not; and improvement in symptoms.
For the data set of 376 women with dysmenorrhea, Liu et al. first performed a multiple logistic regression for binary or dichotomous response by lumping women with moderate and severe dysmenorrhea into one group. In this case, the severity data were collapsed into binary data: mild, or moderate and severe ( Figure 1A) . This approach yielded two factors that are positively associated with the severity of dysmenorrhea: the presence of adenomyosis and shorter duration of dysmenorrhea (Table 2 ). Obviously, the data could alternatively be collapsed into mild and moderate versus severe, which may or may not yield identical results. Liu et al. chose the first way of collapsing owing to the fact that there were few in the 'severe' group [26] .
The second approach was based on a proportional odds model using the logistic link. This model assumes, implicitly, that the data were ordered, categorical data, with an implicit underlying order (scale of severity) in the data ( Figure 1B ). With this model, the presence of adenomyosis, the rAFS stage and previous use of medication were identified as risk factors, and having previous induced abortions was identified as a protective factor associated with severity ( Table 3 ). The same class of the model with different links, such as extreme value, probit and Cauchit, all identified the presence of adenomyosis as one of risk factors, but they also resulted in a slightly different set of risk factors (data not shown). The score test indicated that the assumption of proportional odds is acceptable. The analysis based on partial proportional odds models also led to the same proportional odds model [26] .
The third approach is a polychotomous logistic regression model [45] . Similar to the fourth model as detailed below, here it is assumed that a woman with moderate dysmenorrhea does not necessarily have to go through the stage of mild to become 'moderate'; instead, different severity levels are merely different categories or labels (of patients) ( Figure 1C) . Therefore, the severity of dysmenorrhea can be viewed as nominal polychotomous data. Under this model, the presence of adenomyosis, rAFS stage and the size of the largest cyst were identified to be risk factors (Table 4 ).
The fourth model used was the semiparametric polychotomous logistic regression model [46] . Define Y as the random variable of dysmenorrhea severity, which takes value of 1 (mild), 2 (moderate) or 3 (severe). Let X be a vector of covariates of length M, and x, a realization of X. The polychotomous logistic regression model is defined as:
where k = 1, 2 or 3, J is a positive integer and B 1 …B J are basis in the J-dimensional linear space of function spanned by x, with each B being piecewise linear splines and their selected tensor products, and β k = (β k1 …β kj ) T is a vector of parameters to be estimated [46] . This model differs from the third model in that it takes a semiparametric form instead of a parametric one; thus, it is more robust. Under this model, the presence of adenomyosis was identified to be the only risk factor.
The last approach was the Cox regression model for the discrete or grouped survival time data [47] . Here, we assumed that the severity of dysmenorrhea can progress through various stages, hence, patients who start with 'none' or 'mild' can deteriorate to 'moderate' or even 'severe' and are unlikely to reverse this progression ( Figure 1D ). With this model, we can treat the severity as if they were discrete 'survival time' without censoring. However, we note that longer survival time actually means a more severe dysmenorrhea; hence, the 'risk factors' identified through this approach are actually 'protective factors' for dysmenorrhea severity. This model yielded three factors, the presence of adenomyosis, rAFS stage and age at menarche (Table 5 ).
It is interesting to note that all five statistical models consistently identified the presence of adenomyosis as a risk factor for the severity of dysmonorrhea, but the set of risk factors are somewhat different under different models. While it is reassuring that the presence of adenomyosis is consistently and robustly identified by different models with different assumptions, indicating that this factor is indeed a risk factor for severity, it is somewhat disappointing 
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• Different statistical models may yield different results
• Several models may fit the data equally well
• It may not possible to determine which model fits the data the best If the results can be different within the same study, one can imagine how discrepant it could be when different studies are published by different teams using different data and methodologies. Of course, if a factor is consistently identified by different groups, then the likelihood that it is a genuine one would be higher.
One final point, perhaps not appreciated as well, is that there are factors other than host or specific characteristics of the endometriotic lesions that may also be responsible for dysmenorrhea and its severity. This can be seen from the variation of severity that can be explained by the statistical model. For the above example, the semiparametric polychotomous logistic regression model only explained approximately 20% of variation in severity when presence of adenomyosis is included in the model. Another 80% is currently unaccounted for. For the binary logistic model, the percentage of correct classification under the fitted model is 65.2% for the same data, far from perfect.
Other possible factors
If there are other factors, besides the lesion characteristics and host factors, that are also responsible for the severity of dysmenorrhea, what could they be?
To understand this, we point out that dysmenorrhea is essentially an intense visceral pain during menstruation and is one of many forms of pain, which is 'an unpleasant sensory and emotional experience associated with actual or potential tissue damage, or described in terms of such damage' [48] . As such, the perception of In other words, affective and cognitive as well as physiological factors may be involved. Several studies suggest that somatization and poor coping are also positively associated with menstrual pain intensity, suggesting that central factors should also be considered. Somatization refers to a tendency to experience and communicate somatic distress in response to psychosocial stress and to seek medical help for it [49] . The broad category of somatization includes the somatoform disorders that encompass pain disorders and is found to be strongly associated with chronic pain and dysmenorrhea [50, 51] .
Some investigators reported that women with dysmenorrhea tend to be more preoccupied with bodily sensations, tend to express greater negative attitudes toward illness and have a more negative effect toward menstruation than women without dysmenorrhea [52, 53] . Goldstein-Ferber and Granot reported that high levels of somatization predict pain intensity, and cultural variables and personality traits also play a role in the perception of dysmenorrhea [54] . Granot et al. reported that, compared with women without dysmenorrhea, women with dysmenorrhea have an enhanced perception, as measured by visual analog rating of pain intensity, and response, as measured by pain-evoked potential latencies, when the pain stimuli (laser) was applied to locations unrelated with menstruation or even the reproductive tract (hand), and these changes were seen across the entire menstrual cycle, not just during menstruation [55] . These changes appear to suggest a systemic phenomenon since the pain stimuli were applied to a location seemingly unrelated to the reproductive system.
Bajaj et al. reported that women with dysmenorrhea show altered somatosensory perception in several modalities [56] . Specifically, dysmenorrheic women show reduced pain thresholds during menstruation to heat and pressure stimulation, both within and outside areas of referred menstrual pain, with a lower heatpain threshold at sites unrelated to reproductive tract (arm and thigh) and a lower pressure-pain threshold at all sites, compared with women without dysmenorrhea. The decrease is more pronounced within the referral pain areas (low back and abdominal sites) [56] . It is speculated that these alterations may depend on a spinal mechanism of central hyperexcitability, induced by recurring dysmenorrhea [56] .
Similar evidence is also provided by Brinkert et al. who found that, despite the absence of overt gastrointestinal symptoms or viscero-somatic sensitization, women with dysmenorrhea have increased sensitivity in the sigmoid colon and rectum [57] . This hypersensitivity may result from centrally mediated viscero-visceral hyperalgesia owing to recurrent intense menstrual pain [57] . Alternatively, this may suggest that dysmenorrhea may be a manifestation of central hyperexcitability [58] , which is known to play an important role in neuropathic pain [59] . The notion that altered somatosensory perception in women with dysmenorrhea may be centrally mediated appears to be supported by the observation that induced peritoneal endometriosis in rats results in hyperalgesia in the vaginal area, an area remote to the lesions [60] . Thus, there exists a potent cross-system, viscero-visceral interaction in which pathophysiology in one organ influenced the physiology and response to pathophysiology of another organ [61] . If this is also true in humans, then the imperfect correlation between stage of endometriosis and severity of dysmenorrhea may be something to be expected.
Coping strategy also appears to have an effect on the severity of dysmenorrhea. Some earlier studies noted personality differences between women with and without dysmenorrhea [62, 63] . Based on a multivariate analysis involving stress, neuroticism and other variables, Whitehead et al. reported that childhood reinforcement of menstrual illness behavior significantly predicted adult menstrual symptoms and disability days, and that childhood reinforcement scales were useful to predict which functional disorders (dysmenorrhea or irritable bowel syndrome) these subjects had even after stress and neuroticism were controlled for [64] . Indeed, pain catastrophizing, that is, a disproportionally negative view of the pain experience, influences perception of menstrual pain intensity: high pain catastrophizers, in comparison with low pain catastrophizers, reported greater menstrual pain intensities, greater affective menstrual pain intensity, greater variability in the use of pain-coping strategies, lower perceived effectiveness of over-the-counter medications and nonmedical pain-coping strategies and greater disability [65] . Hence, a psychological dimension is also involved in the perception of dysmenorrhea. Not surprisingly, a recent systemic review found some evidence that behavioral interventions may be effective for the management of dysmenorrhea [66] .
Even within the body, the histology and/or morphology of endometriotic lesions may not provide sufficient information for the severity of dysmenorrhea. Tamburro et al. report that higher expression of TGF-β1 is associated with the physical appearance of endometriotic implants and the severity of dysmenorrhea appears to be related to the expression of TGF-β1 in nerve fibers found in endometriotic lesions [67] . TGF-β1 is a multifunctional proinflammatory cytokine. Given the well-documented link between proinflammatory cytokines and pain (see, for example, [68] ), it is perhaps not surprising to see the elevated expression of TGF-β1 in nerve fibers found in endometriotic lesions.
Along the same line, it was recently reported that Il-1 receptor antagonist (Il-1ra) concentrations in peritoneal fluid were significantly lower in women with endometriosis than those without, especially in women with disease-related dysmenorrhea [69] . Il-1ra is an endogenous Il-1β inhibitory bioactivity factor. In endometriosis, Il-1β is known to be elevated [70] .
It is not clear as to whether the increased TGF-β1 expression or decreased Il-1ra production is a major culprit, an unwitting accomplice or merely an innocent bystander, in causing dysmenorrhea or general pelvic pain in women with endometriosis. Nonetheless, it is possible that certain biochemical or genomic factors may have a greater correlation with the risk and severity of dysmenorrhea than the histology/morphology of endometriosis. Future research is needed to identify biomarkers for the risk and severity of dysmenorrhea in women with endometriosis, so that a better understanding of the underlying mechanisms can be gained through this research. In addition, the identified biomarkers may potentially be targets for intervention.
Conclusion
While it is generally considered that endometriosis is responsible for dysmenorrhea, it is somewhat disheartening to see that the correlation between the severity of endometriosis and the severity of dysmenorrhea is far from perfect. A reappraisal of this imperfect correlation should prompt us to find its causes and identify other factors that are responsible. Once we have a clear understanding of which factors determine the risk and severity of dysmenorrhea, we should have a better insight into the possible mechanisms of dysmenorrhea in women with endometriosis, and may devise better therapeutics and appropriate interventional procedures.
Through a real example, we demonstrate that:
• Different statistical models may yield different results;
• Even within the same data set, it is possible that several statistical models with different assumptions can fit the data equally well;
• It is often the case that the choice of the bestfitting model can be difficult, if not impossible.
These may explain as why different studies, which yield different data in addition to different patient populations, often report incongruent findings. In addition, we demonstrate that even the best-fitting model may not completely account for all variations in the severity of dysmenorrhea, indicating that there are other factors, not included in the analysis, that may also be involved.
While many clinical investigators may, when it comes to analyzing the dysmenorrhea severity data, view statistical methodology with glazed eyes, the truth of the matter is that a rigorous statistical analysis is one of the hallmarks of a good study and is crucial to delineate the relationship between characteristics of endometriotic lesions and severity. A rigorous analysis may unveil things that can otherwise be easily missed, and may provide some much-needed insight into the relationship between endometriosis and dysmenorrhea. Some knowledge and appreciation of the importance of proper statistical analysis would go a long way.
There are ways to reduce or minimize the heterogeneity in the identification of risk factors for dysmenorrhea severity. For example, standardization of pain evaluation, increasing the sample size and the proper use of multivariate statistical methodology can, in principle, help to find common ground. In addition, focusing on a specific type of endometriosis, for example, ovarian endometrioma, may also help.
Yet we also should keep an open mind that psychological factors may contribute to the perceived severity of dysmenorrhea. In addition, it is possible and quite plausible that biochemical, genomic and other markers may provide a better correlation with the severity than the histology or morphology of endometriotic lesions. So far little work has been done in either of the two areas.
It is generally agreed that the most effective treatment of endometriosis-associated dysmenorrhea would come from the identification and treatment of its underlying cause(s). Based on the rather short list of references in this article, it is evident we still have a long way to go before we can confidently and effectively treat endometriosis-associated dysmenorrhea, let alone tackle prevention. Given the prevalence of endometriosis and dysmenorrhea, their debilitating nature and their heavy economic burdens, more research in this area is undoubtedly warranted.
Future perspective
Given the imperfect correlation between the severity of dysmenorrhea and various clinical and histological characteristics of endometriosis, perhaps a more profitable way to delineate the causal relationship between endometriosis and endometriosis-related dysmenorrhea may be through the identification of biomarkers for dysmenorrhea in women with endometriosis. In addition, other factors, such as somatization and coping strategies, may also play a role and warrent further investigation. Once we have a much better handle on factors and biomarkers that are predictive of the dysmenorrhea severity, we should be in a better position for understanding the mechanisms of endometriosis-related dysmenorrhea and will have a better chance to develop more rational and efficacious treatment strategy for managing dysmenorrhea.
Executive summary
• While it is generally regarded that endometriosis is responsible for dysmenorrhea, the correlation between the severity of dysmenorrhea and various clinical and histological characteristics of endometriosis is far from perfect.
• Aside from the presence of deep infiltrating endometriosis and, to a lesser extent, of adenomyosis, the roles of other factors in determining the severity of dysmenorrhea have been contentious and controversial.
• The discrepancy may arise from a myriad of factors, including the use of different statistical methodology. Yet even the best-fitting models still can not account for all variations in dysmenorrhea severity.
• One way to delineate the causal relationship between the severity of endometriosis and the severity of dysmenorrhea may be through the identification of biomarkers for dysmenorrhea in women with endometriosis.
• Other factors, such as somatization and coping strategies, may also play a role in determining the dysmenorrhea severity and are worth investigation in the future.
• A reappraisal of this imperfect correlation should prompt us to find its causes and identify other factors that are responsible.
• Once we have a clear understanding of which factors determine the risk and severity of dysmenorrhea, we should have a better insight into the possible mechanisms of dysmenorrhea in women with endometriosis, and may devise better therapeutics and appropriate interventional procedures.
